Background. MicroRNAs (miRNAs) are small noncoding RNAs that are involved in many biological regulation processes. Studies have reported that miRNAs are enriched in human plasma and plasma-derived exosome as novel diagnostic biomarkers. The aim of this study was to determine whether the miRNA expression levels are different between plasma and plasma-derived exosome. Methods. We sequenced and quantified the miRNAs in plasma and exosome from healthy blood samples and validated three miRNAs in the two groups of lung cancer samples by qRT-PCR. Results. The sequencing results showed that only several of miRNAs were differential, while the qRT-PCR further validated that most of them did not have the consistent differences. However, the levels of two upregulated miRNAs (miR-181b-5p and miR-21-5p) in lung cancer were significantly higher in exosomes than plasma. Conclusions. To the best of our knowledge, this study is the first to compare the expression levels of miRNAs between plasma and exosome in healthy blood samples. Our data suggested that the miRNA levels were similar in the two parts of the healthy people, whereas the two onco-miRNAs were significantly enriched in the exosome of lung cancer patients.
Introduction
MicroRNA (miRNA) is a kind of small endogenous noncoding RNA of about 18-25 nucleotides [1] . Lee et al. first found that the C. elegans gene lin-4 encoded small RNAs (miRNAs) in 1993 [2] . Mature miRNAs are highly conserved RNAs, processed from initial transcript by nuclease Drosha and Dicer. MiRNAs can perform its regulation function to inhibit or degrade mRNAs by hybridizing to complementary sequences in the 3 -untranslated region of target [3, 4] . Up to date, miRNAs have been found in various organisms and participate in a lot of biological processes [5, 6] .
Plasma is an ideal biological sample for the detection of many diseases because of its rich resource, convenient access, and noninvasion. One of the first studies detecting and characterizing plasma miRNAs was reported by Chim et al. who demonstrated the existence of placental miRNAs in maternal plasma [7] . Mitchell et al. validated that plasma miRNAs were present in a remarkably stable form that was protected from endogenous RNase activity [8] . Now, plasma miRNAs are widely studied in the diagnosis, prognosis, and treatment of various diseases including cancers [9, 10] .
Exosomes are classically described as 50-100 nm vesicles of endocytic origin that released into the extracellular environment on fusion of multivesicular bodies with the plasma membrane [11] . Diverse cells have the capacity to release exosomes, including B cells, T cells, epithelial cells, and tumor cells [12] [13] [14] [15] . Studies reported that circulating exosomes were present in human blood plasma [16, 17] . More interestingly, miRNAs have been reported to present in exosome preparations, which can be delivered between cells as a mechanism of genetic exchange [18] . Moreover, exosomal miRNAs have been a subject of great interest as novel biomarkers in many diseases [19] [20] [21] . Our former study showed that exosomal miRNAs had the extra stability under different storage conditions [22] .
Both plasma and exosome miRNAs receive much concern as diagnostic markers in disease-related studies in recent years. However, few studies determine whether the miRNA expression levels are different between plasma and 2 BioMed Research International plasma-derived exosome. In this study, we detected the miRNA levels in 10 paired plasma and exosome samples from healthy people by Illumina Hiseq2500. The overall results illustrated that the expression levels of miRNAs were similar in paired plasma and exosome samples from healthy people. Nevertheless, the levels of two onco-miRNAs were significantly different between plasma and exosome from lung cancer (LC) patients. Tables 1 and 2 . Plasma was isolated from 4 mL blood for subsequent RNA and exosome isolation. Exosome was precipitated from 1 mL plasma for immediate RNA isolation according to the protocol of ExoQuick6 Exosome Precipitation Solution (SBI, USA), and the supernatant after exosome precipitating was reserved. Circulating RNA was isolated from 1 mL remaining plasma and the supernatant by miRNeasy Serum/Plasma Kit (Qiagen, Germany). The quantity and quality of all obtained RNAs were measured by 2100 Bioanalyzer (Agilent, USA). The total amount of RNA was more than 10 g, and the RNA Integrity Number (RIN) was more than 7.
Materials and Methods

Small RNA Sequencing for Healthy Samples and Bioinformation Analysis.
Plasma RNA, exosome RNA, and supernatant RNA were respectively pooled from 10 healthy samples for small RNA library preparation and Illumina Hiseq2500 sequencing as described in our previous study [23] . The obtained reads were mapped to the corresponding database. To compare miRNA expression across databases, the total copy number of each sample was normalized to 1,000,000 [24] ; value was calculated by Benjamini-Hochberg method.
Quantitative Validation by qRT-PCR.
We performed quantitative RT-PCR (qRT-PCR) to validate the miRNA levels in another 20 paired plasma and exosome samples from healthy individuals. And 3 miRNAs in our previous LC study (miR-181b-5p, miR-21-5p, and miR-486-5p) were analyzed for expression differences between plasma and exosome [23] . The reverse transcription reaction was carried out with PrimeScript6 II reverse transcriptase (Takara, Japan). The quantitative PCR amplification was performed with SYBR Premix Ex Taq6 (Takara, Japan) and the reaction was incubated in ABI 7500 PCR system (ABI, USA). U6 snRNA was Figure 1: The 7 differential miRNAs between plasma and exosome in the healthy group by sequencing. The -axis meant the value of TPM (transcripts per million) as log10. Among these miRNAs, 5 miRNAs were significantly upregulated in the plasma compared to exosome, and 2 miRNAs were downregulated ( value < 0.05).
used as the internal reference of miRNA. All primers used in this study were listed in Supplemental 
Statistical Analysis.
We adopted the log10 method to transform the normalized reads and the log2 method to transform the fold change. The average Ct for each triplicate from qRT-PCR was calculated, and fold change in miRNA expression was calculated by ΔΔCt normalized with ΔCt = AvgCt miRNA − AvgCt U6 [25] . Comparison of two groups was performed using the -test; value < 0.05 was considered to indicate statistically significant difference.
Results
The Expression Levels of MiRNAs in Plasma and PlasmaDerived Exosome from Healthy
People. The paired plasma, exosome, and supernatant miRNAs were characterized based on Hiseq2500 platform. About 10 M reads of each mixed sample were obtained. However, only 7 miRNAs had significant differences with log 2 (fold change) > 1 or < −1 and value < 0.05 between plasma and exosome. Among them, 5 miRNAs were upregulated in the plasma compared to exosome, and 2 miRNAs were downregulated ( Figure 1 , Table 3 ). In addition, 10 miRNAs had significant differences between plasma and supernatant and 2 miRNAs were differential in exosome compared to the supernatant (Supplemental Figure  1 , Supplemental Table 2 ).
The qRT-PCR Results in the Healthy Samples.
To validate the expression levels of miRNAs of the healthy samples, 5 randomly selected miRNAs which did not reveal the differences in the sequencing and 7 differential miRNAs between plasma and exosome were chosen to perform qRT-PCR in 20 extra paired healthy samples. The quantification results showed that only 2 miRNAs of the differential miRNAs group had similar expression differences with sequencing results (Figure 2 ). The supernatant group did not show the consistent differences whether compared to the plasma or compared to the exosome (Supplemental Figure 2) .
The qRT-PCR Results in the Lung Cancer Samples.
In addition, our former study revealed that miR-181b-5p and miR-21-5p were upregulated and miR-486-5p was downregulated in nonsmall cell lung cancer (NSCLC) tissue and serum samples compared to the normal controls [23] . In the study, we intended to quantify these 3 miRNAs to determine whether their expression levels were also similar between plasma and exosome from NSCLC blood samples. However, miR-181b-5p and miR-21-5p levels were significantly higher in exosome than in plasma, and miR-486-5p did not reveal the significant bias in the two fractions (Figure 3 ).
Discussion
Although plasma miRNAs and exosome miRNAs are widely studied as diagnostic or therapeutic biomarkers in many disease-related researches, few people concern the expression relationship of miRNAs in circulating plasma and plasmaderived exosome. However, similar studies could be found in urinary miRNAs. Zavesky et al. compared the urinary exosome miRNAs and supernatant miRNAs and found that these two fractions had different miRNA expressions in gynaecological cancers [26] . Some studies focused on revealing how the miRNAs existed in circulating conditions or exosome. Arroyo et al. found potentially 90% of miRNAs in the circulation were present in a non-membrane-bound form, and circulating miRNAs cofractionated with Argonaute2 complexes rather than with vesicles [27] . Chevillet et al. found that most individual exosomes contained a small minority of the miRNA content of plasma [28] . However, we cannot ignore the existence of exosome miRNAs as described in many exosome-related studies [18, 29] . In this study, we intended to characterize the expression differences in plasma miRNAs and exosome miRNAs from whole blood samples. Although several miRNAs from healthy people were differential in the sequencing results, the qPCR validation showed that most of them did not have significant differences. Therefore, the overall results suggested that the expression levels of miRNAs were similar in paired plasma and exosome samples in healthy people. We inferred a balanced state between circulating plasma and membrane-bound exosome in healthy individuals. We need to consider whether or not to split exosome more thoroughly when extracting plasma miRNAs in future studies. Based on the hypothesis exosome has equal quantity of miRNAs with plasma; exosome miRNAs can be used to validate the plasma miRNA levels in healthy samples. In addition, our study focused on miRNAs; it is possible that other classes of RNA commonly measured in such biomarker studies, such as mRNAs, may be different in these two samples.
Lung cancer (LC) is the leading cause of cancer deaths in China [30] . Patients with LC are frequently diagnosed at advanced stages, resulting in a low 5-year survival rate, only about 18% [31] . Therefore, the early diagnosis of LC, especially molecular biomarker diagnosis, is important in recent years. In this study, we found that the levels of three miRNAs dysregulated in LC were significantly different between exosome-free plasma and exosome. Exosomemediated miRNA transfer between cells has been proposed to be a mechanism for intercellular signaling and communication [18, [32] [33] [34] . We consider the possibility that miRNAs are selected to be transported via exosomes especially in unhealthy status. The oncogenes (miR-181b-5p, miR-21-5p) ΔCt * * Figure 3 : The quantification results of 3 miRNAs between plasma and exosome in the lung cancer samples. MiR-181b-5p and miR-21-5p were significantly upregulated in exosome (green) than in plasma (blue, value < 0.05), but miR-486-5p did not reveal the difference in these two groups. The -axis meant the value of ΔCt = AvgCt miRNA − AvgCt U6 . The asterisk " * " means the value is less than 0.05 (<0.05).
were selectively enriched in exosomes rather than the tumor suppressor genes (miR-486-5p). The levels of onco-miRNAs (miR-181b-5p, miR-21-5p) in exosomes were higher than in body fluid and were more similar to the lung cancerous tissue because exosomes were secreted by tissue cells. Therefore, it is necessary to detect exosome miRNAs separately in cancer.
In conclusion, we characterized the miRNA levels in plasma and plasma-derived exosome from healthy and lung cancer individuals, respectively. This study is the first to compare the expression levels of miRNAs between plasma and exosome. Our data suggested that the miRNA levels were similar in the two parts of the healthy case, whereas the two onco-miRNAs were significantly enriched in the exosome of lung cancer case. This study may provide valuable insight into plasma or exosome miRNA related research. 
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